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We, Bristol Sdddeley Engines Limited, 
a British Company, of Stonebridge House, 
Colston Avenue, Bristol 1, do hereby declare 
the invention, for which we pray that a 
patent may be granted to us, and the method 
by which it is to be performed, to be parti- 
cularly described in and by the following 
statement: — 

The invention relates to a device for dis- 
tributing liquid, for example lubricating oil, 
between a number of discharge channels in 
predetermined relative quantities. 

According to the invention a liquid dis- 
tributing device comprises: a sleeve 
mounted for rotation about its axis and 
comprising at least two splines defining the 
side walls of recesses extending along the 
inner surface of the sleeve, at least two re- 
cesses being of different width; at least one 
port extending through the sleeve from each 
recess; and supply means for regulating and 
discharging a supply of liquid into the sleeve 
so as to be initially dispersed by the rotation 
thereof into a circumferentially substantially 
uniform layer and then collected in the re- 
cesses in relative quantities dependent upon 
their widths and centrifuged out through the 
ports. 

Preferably, to avoid a quantity of liquid 
remaining dead in the recesses, the radius 
to the base of the recesses from the axis of 
rotation of the sleeve is constant, or in- 
creases as one progresses axially from the 
position of entry of liquid into a recess to 
the position of the port leading from the 
recess. 

In one arrangement according to the in- 
vention the means for discharging a supply 
of liquid into the sleeve is arranged to dis- 
charge the liquid along a free trajectory into 
contact with the splines so as to be initially 
finely dispersed by impact therewith in a 
free spacewithin the sleeve and then to be 



collected in the recesses and centrifuged out 
through the ports. In this arrangement each 
recess has an end wall spaced axially from 
the impact position oppositely from the port 
to restrict spread of liquid away from the 
port Each recess may also have a wall at 
its other end, to limit travel of liquid in 
that direction, or the port may extend 
across the whole width of the recess for the 
same purpose. 

In another arrangement according to the 
invention the recesses extend to a surface 
of revolution which is part of the sleeve and 
onto which liquid is discharged by the dis- 
charge means and on which the liquid forms, 
by reason of the rotation of the surface, a 
circumferentially uniform layer before it 
reaches the recesses. 

The supply means may be arranged to 
discharge the liquid into the sleeve con- 
tinuously or intermittently, intermittent dis- 
charge being preferred in cases in which the 
required flow of liquid is small, as for ex- 
ample in a total-loss lubrication system. 
During each period of discharge, the dis- 
tribution of liquid around the sleeve is sub- 
stantially uniform, so that the desired dis- 
tribution rates among the recesses is still 
achieved. 

The invention is illustrated by the ex- 
amples shown in the accompanying draw- 
ings. In the drawings: 

Figure 1 is a section on two axial planes 
at right angles (corresponding to the line 
1—1 in Figure 2) through a lubricating oil 
distributor in a gas turbine engine; 

Figure 2 is an axial view of the sleeve 
forming part of Figure 1, seen in the direc- 
tion of the arrow 2 in Figure 1; 

Figure 3 is an axial section through a 
device for distributing liquid fuel across 
a duct in which it is to be burnt in a stream 
of combustion-supporting gas; and 
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Figure 4 is a cross-section through the 
sleeve of Figure 3 on the line A — 4 in Figure 
3. 

In Figure 1 the lower end of the low- 
5 pressure spool shaft of a two-spool gas tur- 
bine engine is shown at 10. The engine may 
operate with its rotation axis vertical, as 
shown, or with its axis horizontal or in- 
clined. The shaft 10 is hollow and has an 

10 external seating 11 for the split inner race 
12 of a ball bearing 13 which carries a 
flange member 14 to which is attached a 
turbine disc {not shown) forming part of the 
high pressure spool assembly. The shaft 10 

15 is joumalled at its lower end in a stationary 
diapfaram member 15 by means of a second 
ball bearing 16 the split inner race 17 of 
which is carried on a seating 18 on the shaft. 
A flange member 19, to which is bolted a 

20 low pressure turbine disc (not shown), forms 
a spacer between the inner races 12 and 17, 
the whole assembly, including a labyrinth 
seal member 20 above the bearing 13, being 
locked up against a shoulder 21 by means 

25 of a ring nut 22 screw-threaded on the 
shaft 10. The outer race of the bearing 13 
is located in a recess 23 in the flange mem- 
ber 14 between a counter member 24 for 
the labyrinth seal 20 and a tubular member 

30. 25 which guides oil which has passed 
through the bearing 13 into a collection 
groove 26 formed on the upper face of the 
flange member 19 by an attached rim 27. 
From the groove 26 the used oil passes 

35 through holes 28 in the flange member 19 
into a cavity 29 which contains the bearing 
16 and is closed outwardly by a labyrinth 
seal 30 between the flange member 19 and 
the diaphragm member 15. Oil from the 

40 cavity 29, including oil discharged from the 
lower bearing 16„ passes through holes 31 
in the member 15 into a collection casing 32 
provided at its lowermost part with a drain 
pipe 33. 

45 Oil for distribution to the bearings is 
supplied by a metering pump (not shown) 
through a pipe 34 containing a pressurising 
valve 35 into a sleeve 36 housed in the hol- 
low interior of the shaft 10. The sleeve ex- 

50 tends upwards a short distance beyond the 
plane of division of the inner race 12 of the 
upper bearing and is closed at that end by 
an end wall 37. At its lower end, at a posi- 
tion somewhat below the plane of division 

55 of the inner race 17 of the lower bearing, 
the sleeve is partially closed by an annular 
end wall 38, having an upturned lip 39, 
through the central opening of which the 
oil supply pipe 34 projects, the end of the 

60 pipe being provided with a discharge spout 
40 of comparatively large bore, so that there 
is no danger of its becoming blocked. On 
the interior surface of the sleeve 36 four 
lengthwise extending recesses x, y, x, y are 

65 formed by two sets of diametrically opposite 



splines 41, 42 and 43, 44, see Figure 2. The 
recesses x defined between the splines 41 , 
and 43 and 42 and 44 extend over an angle 
of 108° and each has a port 45 extending 
through the sleeve to a collection groove 70 
46 in the inner surface of the shaft 10. From 
the groove 46 radial passages 47 extend 
through the shaft to an external collection 
groove 48 in the region of the plane of divi- 
sion of the inner race 17. The recesses y 75 
defined between the splines 41 and 44 and 
42 and 43 correspondingly extend over an 
angle of 72° and each has a port 49 extend- 
ing through the sleeve to an inner collection 
groove 50 connected by passages 51 to an 80 
outer collection groove 52 in the region of 
the plane of division of the inner race 12. 

In operation, a quantity of oil, metered in 
dependence upon a suitable parameter of 
engine loading, is discharged through the 85 
spout 40. The discharge may be intermittent 
when the oil quantity is small, as in a sys- 
tem operating on the total-loss principle, or 
more or less continuous when operating on 
the circulation principle. When the engine 90 
axis is substantially vertical, the oil drops 
onto the annular end wall 38, constituting a 
flat surface of revolution, and, owing to the 
high speed rotation of the latter e.g. 5000 
to 200iOO rmp as is common with gas tur- 95 
bine engines, is immediately spread uni- 
formly into a circumferentially substantially 
uniform layer and carried outwards into the 
recesses by centrifugal force. Each recess 
thus receives a proportion of the oil depen- 100 
dent upon its width, i.e. its angular extent, 
and in this example the recesses between the 
splines 41 and 43, and 42 and 44 receive 
60% of the oil while the other recesses re- 
ceive the remaining 40%. The high centri- 105 
fugal force causes the oil to spread evenly 
along the recesses and to be centrif uged out 
through the ports 45 and 49, 40% of the 
oil going to the upper bearing 13, which 
carries the upward thrust only of the high 110 
pressure spool, and the remaining 60% 
going to the lower bearing 16, which carries 
the sum of the thrusts of both spools. When 
the engine is operating with its axis hori- 
zontal, or inclined by more than a certain 115 
angle, the oil discharged from the spout 40 
falls upon the rapidly moving splines, and 
in this case the impact causes the oil to be 
initially finely dispersed into the free space 
within the sleeve to form a circumferentially 120 
substantially uniform layer (neglecting the 
splines themselves). As the atmosphere in 
the sleeve is also rotating, the particles of 
oil are quickly thrown out spirally, to be 
collected by the recesses in relative quan- 125 
tities dependent upon the widths of the re- 
cesses, as before. 

The sleeve 36 may extend through the 
engine to supply oil to a second pair of 
bearings, one of which supports the front 130 
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end of the shaft 10 in the stationary casing 
and the other supports the front end of the 
high pressure spool assembly on the shaft 
10. In this case each of the four recesses 

5 may be provided with a port through which 
oil is dicharged to a different bearing, the 
ports being spaced axially along the sleeve, 
or more than four recesses may be provided, 
one or more of the bearings being supplied 

10 from two or more recesses. 

For very high speed rotation, as in a gas 
turbine engine, the inner surface of the 
sleeve is preferably cylindrical, but it could 
be slightly conically divergent from the 

15 landing region of the oil discharged from 
the spout 40 to the region of the ports 
through which it is centrifuged out of the 
recesses. 

Hgure 3 and 4 illustrate diagrammatically 

20 an application of the invention for dispers- 
ing liquid fuel into a duct 61 along which 
air or other combustion supporting gas 
flows in the direction of the arrows 62 from 
a compressor or turbine (not shown). A fuel 

25 distributing sleeve 63 is atached as an ex- 
tension to the shaft 64 of the compressor 
or turbine and has a rear end wall 65 and 
an annular front end wall 66 through which 
a fuel supply pipe 67 extends. The fuel is 

30 discharged through orifices 68 into contact 
with a plain cylindrical surface of revolution 
69 forming part of the inner surface of the 
sleeve, so that it spreads evenly over this 
surface to form a circumferentially substan- 

35 tially uniform layer. Between the surface 69 
and the end wall 65 the sleeve is provided 
with three sets of diametrically opposite 
splines 70, 71, 72, 73 and 74, 75. The angu- 
lar spacings between these sets of splines 

40 are in the ratio of 1: 2: 3, Le. 30°, 60° 
and 90°, so that the recesses a, b and c, 
which they define collect quantities of fuel 
in the same proportions. The recesses a, b 
and c are provided respectively with fuel 

45 discharge ports 76a, 76Z», and 76c, the 
diameters of which are selected to give flow 
numbers in the same ratio as the widths of 
the recesses, i.e. 1: 2: 3. 

In operation, the ports run full, and the 

50 jets of fuel centrifuged out through the 
larger ports have greater momentum relative 
to their surface areas than the fuel centri- 
fuged out through the smaller ports and 
therefore have greater penetration into the 

55 stream of combustion-supporting , gas flow- 
ing through the duct. In this way, therefore, 
a more even distribution of the fuel across 
the duct can be obtained. Combustion of the 
fuel takes place in the wake of suitable 

60 flame-holding devices 77. 

Some or all of the recesses may have 
more than one port, the ports being spaced 
circumferentially or axially, and the pro- 
gressively larger ports may be extended 

65 radially outwards increasing distances, as 



shown in Figure 4, so as to increase the 
centrifugal head generated in them and 
therefore the "throw" of the jets. 

If the fuel supply pipe 67 can be 
stationary, or have a large differential 70 
rotary speed relatively to the sleeve, the re- 
cesses may be continued up to the front 
end wall 66, the impact of the fuel on the 
splines then causing initial dispersion in the 
space within the sleeve as described in con- 75 
nection with the first example when operated 
with the engine axis horizontal. 

The device may be modified to permit 
variation of the ration of the flows by 
having the splines non-parallel, so that the 80 
ratio of the arcs covered by adjacent re- 
cesses varies axially, and by providing for 
axial adjustment of the supply pipe (34 or 
67). 

WHAT WE CLAIM IS:— 85 

1. A liquid distributing device compris- 
ing: a sleeve mounted for rotation about 
its axis and comprising at least two splines 
defining the side walls of recesses extending 
along the inner surface of the sleeve, at 90 
least two recesses being of different width; 

at least one port extending through the 
sleeve from each recess; and supply means 
for regulating and discharging a supply of 
liquid into the sleeve so as to be initially 95 
dispersed by the rotation thereof into a cir- 
cumferentially substantially uniform layer 
and then collected in the recesses in relative 
quantities dependent upon their relative 
widths and centrifuged out through the 100 
ports. 

2. A device according to claim 1, in which 
the radius to the base of the recesses from 
the axis of rotation of the sleeve is con- 
stant, or increases as one progresses axially 105 
from the position of entry of liquid into a 
recess to the position of the port leading 
from the recess. 

3. A device according to claim 1 or claim 

2, in which the means for discharging a sup- 110 
ply of liquid into the sleeve is arranged to 
discharge the liquid along a free trajectory 
into contact with the splines so as to be 
initially finely dispersed by impact therewith 
in a free space within the sleeve and then 115 
to be collected in the recesses and centri- 
fuged out through the ports. 

4. A device according to claim 1 or claim 
2, in which the recesses extend to a surface 

of revolution which is part of the sleeve and 120 
onto which liquid is discharged by the dis- 
charge means and on which the liquid 
forms, by reason of the rotation of the 
surface, a circumferentially uniform layer 
before it reaches the recesses. 125 

5. A device according to any of claims 1 
to 4, in which the supply means is arranged 
to discharge the liquid into the sleeve inter- 
mittently. 
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6. A device according to any of claims 
1 to 5 in which two or more of the ports 
lead to a common discharge channel. 

7. A device according to any of claims 1 
to 6 in which the splines are non-parallel, 
and the^ relative axial position of the sleeve 
and of the point of discharge of liquid into 
the sleeve is adjustable. 

8. A device according to any one of 
claims 1 to 7 in which the total cross- 
sectional area of the port or ports leading 
from each respective recess is proportional 
to the width of that recess. 

9. A lubrication distribution system in- 
cluding a device according to any of claims 
1 to 8, and a plurality of lubrication rjoints 
connected to different ports of the device. 

10. A gas turbine rotor ,having a device 
according to any of claims 1 to 8 arranged 
concentrically within it, and forming part of 
a system of lubrication of bearings for the 
rotor. 

11. A fuel distribution system, including a 
device according to any of claims 1 to 8, the 
sleeve being mounted to rotate concentri- 
cally within an air duct, and to disperse 



fuel into the duct through the ports in the 
sleeve. 

12. A device according to claim 1, sub- 
stantially as described with reference to 30 
Figures 1 and 2 or Figures 3 and 4 of the 
accompanying drawings. 

13. A method of distributing liquid in 
which a sleeve comprising at least two 
splines defining the side walls of recesses 35 
extending along the inner surface of the 
sleeve, at least two recesses being of different 
width, and with at least one port extending 
through the sleeve from each recess, is 
rotated, and a regulated supply of liquid is. 40 
discharged into the sleeve so as to be 
initially dispersed by the rotation thereof 
into a circumferentially substantially uni- 
form layer and then collected in the re- 
cesses in relative quantities dependent upon 45 
their relative widths and centrifuged out 
through the ports. 

For the Applicants, 
GILL, JENNINGS & EVERY, 
Chartered Patent Agents, 
51/52, Chancery Lane, 
London, W.C.2. 
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